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Macrocycles  Containing  Tin.  Synthesis  and  Structure  of 
1 , 10-Diphenyl- 1 , 10-distannabicy clo[ 8.8.8] hexacosane 

Martin  Newcomb^*T ,  Michael  T.  Blanda,  Yutaka  Azuma,  and  Terry  J.  Delord 
Department  of  Chemistry,  Texas  A&M  University,  College  Station,  TX,  77843  USA 

Summary:  The  title  macrobicycle  was  prepared  and  studied  by  x-ray 
crystallography . 

We  have  reported  the  syntheses  of  macrocycles  containing  two  or  four  diphenyl- 
stanna  moieties  in  the  ring  with  various  length  polymethylene  chains  between  the 
tin  atoms. ^  Since  acyclic,  Lewis  acidic  distanna  compounds  have  been  shown  to 
exhibit  cooperative  binding  of  donors,^  we  predicted  that  macrocycles  containing 
Lewis  acidic  tin  atoms  would  display  cooperative  and  size-selective  binding 
properties.  In  confirmation  of  this  expectation,  we  have  found  that  replacement 
of  one  or  both  phenyl  groups  on  each  tin  atom  in  a  macrocycle  with  chlorine  or 
bromine  atoms  gives  Lewis  acidic  raacrocycles  which  form  complexes  with  donor 
compounds  containing  basic  nitrogen  and  oxygen  atoms;  complexes  with  donor  atom 
to  tin  atom  ratios  of  both  2:1  and  1:1  have  been  isolated  and  are  under  invest!- 

O 

gation.-*  In  this  communication  we  report  the  preparation  and  structure  of  a 
representative  of  a  new  class  of  organotin  compounds,  a  macrobicycle  containing 
two  tin  atoms  in  which  the  tin  atoms  serve  as  bridgeheads  in  a  manner  analogous 
to  the  nitrogen  atoms  of  a  cryptand.  It  may  be  expected  that  Lewis  acidic 
macrobicyclic  organotin  compounds  will  be  highly  selective  complexing  agents. 

The  preparation  of  l,10-diphenyl-l,10-distannabicyclo[8.8.8]  hexacosane  (1) 
follows  the  sequence  shown  in  the  Scheme.  The  preparation  of  macrocycle  4  has 
been  reported,^  but  we  modified  the  procedure  by  using  a  double  dilution  method 
wherein  dilute  (ca.  0.03  M)  solutions  of  the  reagents  2  and  3^  were  added 


simultaneously  to  a  THF  reaction  mixture  over  2  h  at  25  ®C  to  give  4  in  62% 
yield  after  purification  by  reverse  phase  chromatography^  and  recrystallization. 
Treatment  of  macrocycle  4  with  2.1  molar  equivalents  of  HCl  in  CH2CI2  at  -78  “C 
followed  by  slow  warming  to  25  “C  and  distillation  of  the  solvent  at  reduced 
pressure  gave  the  dichlorinated  product  5  which  appeared  to  be  pure  by  NMR 
^ectroscopy.  Crude  5  was  then  allowed  to  react  with  the  diGrignard  reagent  2 
in  THF  at  25  “C,  again  using  the  double  dilution  method  (0.03  M  solutions,  2  h 
addition).  After  a  standard  workup,^  bicycle  1  was  purified  by  preparative 
reverse  phase  chromatography  (Baker  bonded-phase  ODS,  40 u  5  60:40,  CH^OHrTHF 
elution;  ca.  5  column  volume  retention)  followed  by  recrystallization  from 
CH2OH/THF  to  give  pure  1  in  15%  yield  from  macrocycle  4.  Macrobicycle  1  (mp  92- 
94  ®C)  was  characterized  by  NMR  and  NMR  spectroscopy,  osmometric  MW 
measurement  (Calcd:  728;  found;  734),  and  elemental  analysis  (C,  H). 

A  crystal  of  1  was  suitable  for  x-ray  crystallographic  analysis,  t  An  ORTEP 
drawing  of  1  is  shown  in  Figure  1.  The  compound  crystallized  in  a  cylindrical 

O 

form  with  a  tin-tin  distance  of  8.45  A.  The  interior  of  the  cavity  in  1  is 
filled  with  the  hydrogen  atoms  of  the  polyraethylene  chains.  The  tin  atoms  of  1 
are  essentially  tetrahedral  in  the  crystal,  and  from  the  ^J(^^^Sn-^^C)  of  332  Hz 
appear  to  be  tetrahedral  in  solution.^ 

Crystal  data;  Sn2C3^H5g,  M  »  728.24,  triclinic,  space  group  PI,  a  =  13,508(8), 
b  -  16.154(9),  c  -  9.094(3)  A,  a  =  106.35(4)°,  3=  109.67(4)°,  y=  92.49(5)°,  U  = 
1772(1)  A^,  Z  ■  2,  Dj.  «  1.365  g/cm^.  Intensity  data  were  collected  on  an  Enraf- 
Nonius  CAD-4  diffractometer  with  Mo-Kd radiation.  Data  were  corrected  for  Lorentz, 
polarization  and  absorption  effects  (y»  14.38  cm“^)  to  yield  2193  observed  struc¬ 


ture  factors  with  I  >  3o(I)  which  were  used  for  the  structure  solution  and  refine¬ 
ment.  The  positions  of  the  two  tin  atoms  were  determined  by  direct  methods. 
Successive  least  squares  refinement  and  difference-Fourier  methods  were  used  to 


locate  the  remaining  carbon  atoms.  While  exhibiting  rather  high  thermal  motion,  all 


non-hydrogen  atoms  were  successfully  refined  anisotropically.  The  hydrogen  atoms 
were  included  in  calculated  positions  with  fixed  temperature  factors  and  were  not 
refined.  Least  squares  refinement  converged  at  R  *  0.061  and  =  0.084. 

Other  size  distanna  macrobicycles  should  be  available  by  the  procedures  we 
used  to  prepare  1,  and,  indeed,  the  corresponding  32  atom  bicycle  has  already 
been  prepared  in  our  laboratory.  In  addition,  functionalization  of  macrobicycle 
1  to  give  a  Lewis  acidic  species  (replacement  of  phenyl  groups  with  chloro 
groups)  was  achieved  by  treatment  of  1  with  HCl  in  a  reaction  similar  to  that 
used  for  conversion  of  4  to  5,  and  complexation  properties  of  this  derivative 

'i 

are  under  investigation. 

We  are  grateful  for  financial  support  from  the  Office  of  Naval  Research. 

References 

1.  Y.  Azuma  and  M.  Newcomb,  Or  gano  me  tallies,  1984  ,  3,  9. 

2.  (a)  T.  J.  Karol,  J.  P.  Hutchinson,  J.  R.  Hyde,  H.  G.  Kuivila,  and  J.  A. 

Zubieta,  Organometallics.  1983,  2,  106.  (b)  K.  Jurkschat  and  M.  Gielen,  Bull. 

Soc.  Chim.  Belg.,  1982,  91,  803. 

3.  M.  Newcomb,  M.  T.  Blanda,  R.  M.  Sanchez,  Y.  Azuma;  unpublished  results. 

4.  H.  G.  Kuivila,  J.  L.  Considine,  R.  H.  Sarma,  R.  J.  Mynott,  J.  Organometal. 
Chem..  1976,  111,  179. 

■^Camille  and  Henry  Dreyfus  Teacher-Scholar,  1980-1985. 

^All  crystallographic  computing  and  plotting  was  performed  using  the  Enraf- 
Nonius  Structure  Determination  Package  (1982),  Enraf-Nonius,  Delft,  Holland. 

The  atomic  coordinates  for  this  work  are  available  on  request  from  the  Director 
of  the  Cambridge  Crystallographic  Data  Centre,  University  Chemical  Laboratory, 
Lensfleld  Rd.,  Cambridge  CB2  lEW.  Any  request  should  be  accompanied  by  the  full 
literature  citation  for  this  communication. 


Scheme 


BrMg-lCHjlg-MgBr 

2 

Br  Br 

Ph2Sn-(CH2)0“SnPh2 
3 

PhSn-(CH,)„-SnPh 


Ph2  Sn  SnPh2 

4 

HCI 

^  1CH2)3'% 

PhSnCl  ClSnPh 


SNl  «.32226<9) 


'-V- 

••  *, 
k  ^ . 

M 


r^.-: 

•V.*. 


.■s 


K'l- 


^V' 


^  I 

n  I 

CNJ  I 
^  I 
i 


^  I 
fO  I 

•  I 

r)  ♦ 

n  I 


6J  I 

n  I 


>>  1 


^«^MCM(n(NJ(M(sj<^j(sim(n(MCM(*)^r*)(nm(n<n<«>M(nfO(Mc\j(sjm(n(Si^(n(nc«)e«)cn(n 

e9(nr^r^«MOj\o^voo^^^^r)rvjrvflDCMOtCft<»^OD4niAtno-4.M(pr«)^(si^o\ai(AQ) 


w^.,.»<M^4f^>«»cn^M<n<n<n^n^r»^^«^«co<n^«^^(nr^^^nw<nlo^cn^m^(*J 

^or^^MvoflBCDr«»mtf)^^tfi*«<*)cocom«ov(ncotAin^^*<*mM<NjoDr«>^4Q(n(sir)^ 
MN^Jr)^«J•«•«(^J•«^J••^4•*<^^S)••^^^<*>lA<n«*••MlSi^a^J(^J(n^(^i(^tAcsJ^Jcsl^Jr^ 
A)  4ft  ^ft  ^ft  ^ft  ^ft  ^ft  ^ft  ^ft  ^ft  ^ft  ^ft  ^ft  ^ft  ^ft  4ft  ^ft  ft)  ^ft  ^ft  ^ft  ^ft  ^ft  ^ft  ^ft  ^ft  ^ft  4ft  ^ft  ^ft  ^ft 


ooalft)^^liro^(*>mcM(n^^o<o^»•<*)<0(n4*)^ors•avo>^»kMlI)(v)l^)««r^»to^J«^r*)^^(SJlD•-« 

^9^^ft)4ftft)^4ft^4ft<ft4ft<ft4ft^^99^4ft^9^^4ft^^ft)^S4ftft)ft)ft)ft)99 

II  II 


%..wCsjCNj^^wcsj<M<sj««<n«^^<nci<n<n^inr>^ifl<nfo«'irfn«^fO<^^^ou>f») 

MOkft)eoiA^^oi^r^in««(n<ft^tAOtcD<siS)<n«o«o^(MD^u)cn4ft(*)U)(sj^»inNi(vj(n 

cnf04ncnln«ou)4^J4*)<n(n^^r)lA(«1^J(«)^(n^^^»^u)rskU)(«)r«)u>u)^rolnc>)tf)ot^^tA 

^^^^ft)9ft)^^994ft4ft<ft4ft^^99^4ft4ft94ft4ft^^^ft)<ft^9lft^ft}^eft(ft 

4ft4ft^^^ft)^^9ft#4ft^^^^9^^9^^^4ft4ft^^ft}^ISft)ft)4ft^(ft^^49(p 

m(Or^CDf*«^r*>«CD^or*^OkCRiAflft4M4ft^^^ov(nco<DCDCDr^oto(sja\a>csjcDa^r»»rN.o\r». 

flS^flB<^O^CD•MtACDlA«>i^Jftk^4n^U)U1C1(M<D«OOft<^JCRCD0^4ftOlli)tA^J^^(^(«)^e^^ 

«Ar^o^oii0^o^ft)U)o^o>rsk(Ofs.(nmcsj^ai«-*<n\o9kiAr*^^o^iAko^fvjB)rs.ooto^rs.i/) 

ft)4ftft»4ftft)«ft)ft4ft)ft)4ftft)«)«)ft»ft»«ftl«ft»«ft)ft)ft)ft)«^«^^««4ft«ft)4ft«^ 

«ftft)«i)fti«ft4R«ftaiftii4ft««Bft!«ft«tftt«ftCRft)fiftft»Cft4ft«B«4fta)ft)«ft4ftft)ft»ft)ftftft)ftia»« 


C0«0^cDKr^^Cftnin^fSinio«**«rsCBftft«-t«M(M««»rN^o^4^vOtf>rs.ft)rN.4ftcDC»r^’^4ft 


v«^««*«(M^i<M•^<MMM^4fMr4(M(^|(M<M(^J<M(M<MM^4<M^JCMCSJCMC^i(^JC^J^4C^JMfnC^J(M 

4Miooioiionn^40r«^40U)««f^r>»^cn^(nmcft^4r)iA4ft4sj09ror>\ooD^ii>^«-«in^r) 

C0«OU)U)4ft«O^O*«^^tf)(O^^r^r«»tf1fVi^^««(M4ft^««O>SOr^-«^l/>-«C«>0D(Mmii)O^ 

«  ^  «  «ft  «  m  m  ^  «  fti  ft)  «ft  «  4ft  9  4ft  «  «  «  ft)  «  ftft  4R  m  ^  ^  ^  ^  ft)  «  ft!  m  Oft  ft)  ft! 

I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I 

lOl0flBOIOIfl0ftBOICBaiO>Oia9<MID««^<V9<^4ftO^<^4ftOVft)ODCM9Ot4O4ft9O^O^4ftai 

^m^k*«^^cn^^4lO€DOlr^9n9fio^«o«D<n4<l^o^•»ottno>alo>^9^^li>u>^QD•-• 

lOkn(O<SJCSiO»^^4*)fft(MlO99tf^ftl*«^O^4*>O>O>4ACft4*’tf^(M9^^O^-^mn0D9 

N(^i<0o44ft^ft)Mt0*"9^9^^^9^0^^(M<^J9**^^^9•«^lA0Dft)0>4ftr)li)GD(»(^J^J 

tf)9^f«>.cD€OODr«>*«<Mnf*mM^*«(n(MCM^««9^^^4*)M-«99^^4*)(M*«999 

«l9ftilftfti«ft9ft!9fti99  9  9999  9  9  999fti<ft4ft99  9  9ft)9ft)9ftift»9  9fti 

I  I  I  I  I  I  I 


CD 

fft 

««<n 


c*»«or«»c>i^M«0r^(n<n9t0U9U9O^^oimcD^4M^<*)tP9^cDNVDNn4ft>i«cn9i 

oi9io*«9«ootCDnoi*«iAfticM9otr^^4*’rft««tD«9^*^*«eo9^oi^iAo^a) 

<S|fftfft^^^99^*«MMN<^<M(MrMMCM<M««999999^lA^^^^4*>(SJ 


999999999999999«999999999«ft99ft)999ft)9999 


M  9«-«csi<n^iii«0r^aDOi9«*4Mfn^iAtf  r^09i9*«(^(*)^iA«o 

Z^M(v)49lO^fHaDOI<-*-*««^M«««««-*'«-«(MCViMCSJ(NiCSi4^MMCNJ(n(n(nC0fn(«)f«) 
</>4JU4JUUUUUUUUUUUU4JUUUUUUUUUUUO<J4JUU<JUU<J 


TabI*  of  Positional  and  Thoroal  Paraaetors  and  Thoir  Estlaated  Standard  Deviations  Icontinued) 


«  «  «  ««  «  S  aa «  «  S  S  a  «  «  S  S  «  S  a  s  «  9  «  a  9  a  «  a 
aaaaaaaaaaaaaaaaaaaaaaaaaaaaa 
•  I  aaa aaaa aaaa a a a a a aaaaaaa aaa a aa 
< I  aaaaaaaaaaaaaaaaaaaaaaaaaaaaa 

•  I  . . . . . . 

a  I  aMwaawaa wawwwwawaaMUi iflinaMifltoamin 


aaaaaaaaaaaaaaaaaaaaaaaaaaaaa 

uiaai<i^ar^>Mr»aaifl^u)'>-*(viainaa<si^aaaat^(si 
Ncv4naaxaaa«anac^inr«.aa'>r«(*>nr<-n<v^a«a 
nfMar«>>aina>aaar<)Nr)>ar^aaam(Maa<*)-««aanm 
HI  maa'*->'>aaan(Mn>a(MniMa'*n(va*~n<va(sia'>'> 


aaaaaaaaaaaaaaaaaaaaaaaaaaaaa 

II  I  I  I  I  I 


aaaaaaaaaaaaaaaaaaaaaaaaaaaaa 


a^anaaaia«a^Nanr^a(Maau)^«^r>ar>>ama 
-•ar>)aam»»ainr>r^usr>inn-<«r>i(si«aaa^a  — aa 
r«MMaaa««aar«r>iM(si>aM<jtnaa<*>aama(M(Mi^'> 

>1 1  «  wnn(\i(M»»aaaaaa«r>mnN(M>«<viaaaaaa 


aaaaaaaaaaaaaaaaaaaaaaaaaaaaa 

II  II 


•^•«N^r)aaoiin<noioo<sjt9r^^<*ioom«ooD^«0(*)CD<*)a>h^^a) 

^^opot«oa>cD(M<sjinu)^^9ot^a)«A<nr»-(Ni^pr^*«^u>oDfsjin 

^  ^  (ft  ^  ^  ^  ^  ^  ^ 

1  1  I  I  I  I 


< I  xxzxxxxxxzxxzzxxxxxxxxzzxxxxx 


aaaaaaaaaaaaaaaaaaaaaaaaaaaaa 

aaaaaaaaaaaaaaaaaaaaaaaaaaaaa 

aaaaaaaaaaaaaaaaaaaaaaaaaaaaa 

aaaaaaaaaaaaaaaaaaaaaaaaaaaaa 

aaaaaaaaaaaaaaaaaaaaaaaaaaaaa 

MiouiMioiAMWiainininuiiniauiinwinininintnioinini/iinin 


aaaaaaaaaaaaaaaaaaaaaaaaaaaaa 

•"-•aa»r)an«<»-«aa<vr^^ioa<'i^«^a  — ^a^aan 
a>«a^-*(Maaa^(sma^a«aaaa«aa<v»a^r>n 
a^ani«aaacvm>aa<^(naa(nrvaa«w(M-<na-*aN 
Ni  —  —  •*“-«-'cnaaa«v»'«raa<v^a^csj(\j 


aaaaaaaaaaaaaaaaaaaaaaaaaaaaa 

I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I 


aaaaaaaaaaaaaaaaaaaaaaaaaaaaa 

lMa^n«•«r«a^Jr>llnaa^>n^•••^alnln^a'•m«a^|^• 
iM>aM«oii)in«r«>>«'«a'w»nr)aaaaaa«aamAa->a 
an««<<iaanai*iaM^«aaaaui^'«r>)aa'"<n>^a"*(M(v 
>>  I  aaaaa»i>)«n>ain«r>)«mr>i(v«MNr4-«»>«*>aaio«a 

aaaaaaaaaaaaaaaaaaaaaaaaaaaaa 

I  I  I  I  I  1 


aaaaaaaaaaaaaaaaaaaaaaaaaaaaa 

amfta(sia«a(Nir>aanaiM«vx>«rvac>iainaa<~aaacn 
•«ah»mar»Mn^r^«V"«M«<*aM«r»  — ^in«i»«»ar^»a 
aarHiiiw)«NNwaamnr>ior^ar)n<«Nr»iaaaa«a 
1C  I  ^4M«^^aa•“^M^^«^^-•^J^>lC^I•««•-«M««l«»>C^I-•^M••nM^Ja 

aaaaaaaaaaaaaaaaaaaaaaaaaaaaa 


■  I 

O  I  a'^CMcn^inar^aeia'^cvm^inier^coa 

«•  I  M(MCn^«a^aa>««a««>a>««>>">««>>«(V(M(SI(MNtMC>4NIVJN 
< I  xxxxxxxxxxxxxxxxxxxxxxxxxxxxx 


The  fora  of  the  anisotropic  thermal  parameter  Is: 
exp[-(4<l.l)*h*  ♦  4(2,2)*k*  ♦  4C3,3)«r  ♦  4<1.2)* 


('dec  d  ( I  /  i  (  /  V  3 


OL/413/83/01 

GEN/413-2 


TECHNICAL  REPORT  DISTRIBUTION  LIST,  GEN 


No. 

Copies 

Office  of  Naval  Research  2 

Attn:  Code  413 
800  N.  Quincy  Street 
Arlington,  Virginia  22217 

ONR  Pasadena  Detachment  1 

Attn:  Or.  R.  J.  Marcus 
1030  East  Green  Street 
Pasadena,  California  91106 

Commander,  Naval  Air  Systems  1 

Command 

Attn:  Code  310C  (H.  Rosenwasser) 
Washington,  O.C.  20360 

Naval  Civil  Engineering  Laboratory  1 

Attn:  Dr.  R.  W.  Orisko 

Port  Hueneme,  California  93401 

Superintendent  1 

Chemistry  Division,  Code  6100 
Naval  Research  Laboratory 
Washington,  D.C.  20375 

Defense  Technical  Information  Center  12 

Building  5,  Cameron  Station 
Alexandria,  Virginia  22314 

DTNSRDC  1 

Attn:  Dr.  G.  Bosmajian 
Applied  Chemistry  Division 
Annapolis,  Maryland  21401 

Naval  Ocean  Systems  Center  1 

Attn:  Dr.  S.  Yamamoto 
Marine  Sciences  Division 
San  Diego,  California  91232 


No. 

Copie! 

Naval  Ocean  Systems  Center  1 

Attn:  Technical  Library 
San  Diego,  California  92152 


Naval  Weapons  Center  1 

Attn:  Dr.  A.  B.  Amster 
Chemistry  Division 
China  Lake,  California  93555 

Scientific  Advisor  1 

Commandant  of  the  Marine  Corps 
Code  RD-1 

Washington,  D.C.  20380 

Dean  William  Tolies  1 

Naval  Postgraduate  School 
Monterey,  California  93940 

U.S.  Army  Research  Office  1 

Attn:  CRD-AA-IP 
P.O.  Box  12211 

Research  Triangle  Park,  NC  27709 

Mr.  Vincent  Schaper  1 

DTNSRDC  Code  2830 
Annapolis,  Maryland  21402 

Mr.  John  Boyle  1 

Materials  Branch 
Naval  Ship  Engineering  Center 
Philadelphia,  Pennsylvania  19112 

Mr.  A.  M.  Anzalone  1 

Administrative  Librarian 
PLASTEC/ARRAOCOM 
Bldg  3401 

Dover,  New  Jersey  07801 


OL/413/83/01 

053/413-2 


TECHNICAL  REPORT  DISTRIBUTION  LIST,  053 


hi: 


1*2! 


Dr.  M.  F.  Hawthorne 
Department  of  Chemistry 
University  of  California 
Los  Angeles,  California  90024 

Or.  0.  Venezky 
Chemistry  Division 
Naval  Research  Laboratory 
Washington,  D.C.  20375 

Professor  0.  T.  Beachley 
Department  of  Chemistry 
State  University  of  New  York 
Buffalo,  New  York  14214 

Or.  A.  Cowley 
Department  of  Chemistry 
University  of  Texas 
Austin,  Texas  78712 

Or.  W.  Hatfield 
Department  of  Chemistry 
University  of  North  Carolina 
Chapel  Hill,  North  Carolina  27514 

Professor  Richard  Eisenberg 
Department  of  Chemistry 
University  of  Rochester 
Rochester,  New  York  14627 

Professor  K.  Neidenzu 
Department  of  Chemistry 
University  of  Kentucky 
Lexington,  Kentucky  40506 


Dr.  T.  Marks 
Department  of  Chemistry 
Northwestern  University 
Evanston,  Illinois  60201 

Or.  J.  Zuckerman 
Department  of  Chemistry 
University  of  Oklahoma 
Norman,  Oklahoma  73019 

Professor  K.  M.  Nicholas 
Department  of  Chemistry 
Boston  College 

Chestnut  Hill,  Massachusetts  02167 

Professor  R.  Neilson 
Department  of  Chemistry 
Texas  Christian  University 
Fort  Worth,  Texas  76129 

Professor  M,  Newcomb 
Department  of  Chemistry 
Texas  A&M'University 
College  Station,  Texas  77843 

Professor  R.  Wells 
Department  of  Chemistry 
Duke  University 
Durham,  North  Carolina  27706 

Professor  K.  0.  Christe 
Rockwell  International 
Canoga  Park,  California  91304 


'•V 


•  ^  m  ^  «  . 


